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影响，揭示呼吸作用与 OA 两者相互耦合关系。 
在 2011-6、2009-8 和 2011-10 三个航次的调查中，东海表层水体群落呼吸 
(CR) 速率变化范围分别为 0.6-40.6 (平均值± SD: 10.2 ± 12.0)、0.3-28.1 (平均值± 




游细菌是水体呼吸作用的最主要参与者，90% 以上的水体 CR 由这两部分浮游
生物所贡献。而相应地，在表层长江冲淡水 (plume) 区域 (表层盐度≦32.0) 和
真光层以深非 plume 区域 (表层盐度 > 32.0)，水体呼吸作用分别以浮游植物呼
吸和浮游细菌呼吸 (BR) 为主。结合初级生产力的数据，我们发现，除 2011-6 航
次近岸河口区域外，长江口夏季和秋季水体大部分区域处于异养状态。 
长江口缺氧区具有明显的季节性演化过程。通过长江口一系列的现场调查，
我们发现，长江口区域中下层水体溶解氧 (DO)、溶解无机碳 (DIC) 和 pHT (总
氢离子标度, 25.0oC) 具有显著的季节性和空间变化，DIC 和 pHT 伴随着 DO 的
改变而改变。并在 2011 年 7、8、10 三个月，观测到 3 个缺/低氧区域，其中心



















2011 年 8 月台风“梅花”过后长江口缺氧现象的重建过程，以及 2011 年 10 月
在一股高温、低盐、高 DO 的水团侵入作用下缺氧区不断消亡的过程。 
水体层化和呼吸作用是缺氧形成的重要条件，为了厘清缺氧形成过程中有氧
呼吸作用的影响，我们以 2011-8 航次 10 m 以深数据为例进行分析，结果表明，
长江口中下层水体 DIC 增量 (ΔDIC) /表观耗氧量 (AOU)、AOU/ 溶解无机磷增
量 (ΔDIP) 和 N/P 比值与 Redfield 比值相一致；而且 2011-8 重复断面 (122o 50′ 




呼吸作用能够加剧水体 pH 下降。同样以 2011-8 数据为例，我们发现：呼
吸作用使长江口中下层水体 pH 降低了 0.01-0.31，相当于水体 H+ 浓度增加了
2.6-103.2% (60.7 ± 22.1%)。在此基础上，我们进一步建立 pH-DO 模型，分析海
水吸收人为 CO2 和呼吸作用对 pHT 下降的影响，结果表明：工业革命以来，海
水对人为 CO2 的吸收已造成水体 pHT下降约 0.138，而至 2100 年，该过程将使
水体 pHT 再下降 0.230，在呼吸作用的作用下，在工业革命前、现在以及 2100
年，水体 pHT最大可分别下降 0.336、0.402 和 0.489。在未来高 CO2 条件下，呼
吸作用将进一步加剧水体 pHT的下降，造成该结果的主要原因是海水对人为 CO2
的吸收和呼吸作用过程使水体碳酸盐体系缓冲能力弱化。 
温度的升高同样对水体 pH 有显著影响，温度升高能够降低 pHin situ (总氢离





















在未来 2100 年，长江口缺氧区，水体碳酸钙将处于不饱和状态。 
而在法国 Villefranche 湾外 Port-C 时间连续站 1 年多的观测则表明：地中海






则表明：水体层化和混合、原核生物丰度 (PA)、病毒丰度 (VA) 以及透明胞外
聚合颗粒物 (TEP) 浓度变化对 CR 季节性变化具有显著影响。 
为研究 OA 对呼吸作用的影响，我们取 Port-C 站 300 m 层水体进行了一系
列受控酸化培养实验。短期培养实验 (培养时间约为 3 d) 结果表明：提高 pCO2
对 BR 具有一定的影响，但是影响程度并不十分显著，仅在一组短期培养实验 5 
(STI-5) 中发现提高 pCO2 对 BR 速率具有显著的促进作用。而在长期培养实验 
(LTI-2, 培养时间约为 60 d) 中，不同的 pCO2处理组 BR 速率亦无显著性差异。
但此影响仅限于中低强度的 pCO2，当 pCO2 升高至 3750 ppm 以上时，提高 pCO2




响。在短期培养实验中，温度提高 3.0oC，BR 速率平均增加约 1 倍；而在长期培
养实验中，在 400 和 1000 ppm 下，T31 时，温度提高 3.0oC，呼吸速率可相应






















   Respiration and primary production are the two fundamental processes of the 
marine ecosystem metabolism. By respiration, marine microbes consume oxygen, 
decompose organic materials, and release carbon dioxide (CO2) and nutrients. In 
many coastal environments, intensified respiration has been shown to lead to the 
formation of hypoxia. While hypoxia develops, the released CO2 by aerobic 
respiration will further induce the acidification of the seawater. On the other hand, 
ocean acidification (OA) also has significant impact on respiration through changing 
the carbon consumption efficiency of microbial communities. Respiration and OA 
thus interplays, especially in the hypoxic zones. However, our understanding to such 
interplay remains limited.  
This dissertation chose the continental shelf of the East China Sea (ECS) and the 
areas off the Changjiang estuary as the main research areas and sought to investigate 
the evolution of the hypoxia and the role of the aerobic respiration in the development 
of hypoxias. Also examined was the seawater acidification induced by aerobic 
respiration in the hypoxic zones. A series of microcosm experiments were also carried 
out to assess the effect of OA on respiration. 
During the surveys carried out in June 2011, August 2009 and October 2011, the 
surface community respiration (CR) rates were in the ranges of 0.6-40.6 (mean ± SD: 





 respectively. More than 90% of these CR were attributed to 
phytoplankton and bacterioplankton respiration (BR). Among the measured CR, 
phytoplankton‟s contribution was rather significant in the surface waters in the plume 
area with salinity ≦32.0, while the role of the bacterioplankton became important 
below the euphotic zone in the non-plume area (salinity > 32.0). Comparison with the 
primary production in the study areas revealed that most of the study areas off the 
Changjiang estuary were heterotrophic during summer and autumn except the 
nearshore areas adjacent to the Changjiang estuary during the survey in June 2011. 















Changjiang estuary. Clear temporal and spatial variations in DO, pHT (total scale, 
25.0
o
C) and dissolved inorganic carbon (DIC) in the bottom water were observed; 
DIC addition and pHT drawdown were well associated with the DO decline. Three 
hypoxic zones were observed with their centers located at 122
o
 40′ E, 31
o






 30′ E, 30
o 
N in July, August and October 2011 respectively. In 
general, the hypoxia in the ECS began to develop in late spring and early summer, 
reached its intensive stage in August, was weakened in the autumn and finally 
disappeared in the winter. 
To better examine the role of aerobic respiration in the development of hypoxias, 
a three end-members model was adopted using the data collected from the cruise in  
August 2011. The ratios of apparent oxygen utilization (AOU) to the net accumulation 
of dissolved inorganic phosphate (△DIP) and AOU to the net accumulation of DIC 
(△DIC) were both well fitted to the Redfield ratios. Furthermore, during the repeated 
surveys along 122
o
 50′ E, the DO decline rate was much close to the average 
measured CR rate in the subsurface water. These results indicated that the aerobic 
respiration was the main process leading to the hypoxia. Furthermore, based on the 
measured CR rates off the Changjiang estuary, the time to form a hypoxic condition 
during the summer time was estimated as < 20 days. 
While hypoxia develops, the respiration will also induce the pHT drawdown. In 
the subsurface water in August 2011, the aerobic respiration caused 0.01-0.31 units 
pHT drawdown, ~2.6-103.2% (60.7 ± 22.1%) addition in term of hydrogen ion. In 
order to examine in a quantitative way on how the respiration affects the ocean 
acidification, or pH drawdown, a simple pH-DO simulation model under 
pre-industrial, present and future CO2 scenarios was adopted. The pHT drawdown 
induced by the uptake of anthropogenic CO2 was 0.138 units from pre-industrial era 
to present day, which would further increase to 0.230 units by the year 2100. In the 
DO-depleted scenarios, the maximal pHT-drops mediated by aerobic respiration were 
0.336 to 0.402 and to 0.489 units for pre-industrial era, present day, and year 2100 
respectively, which indicated that the respiration would enhance the pHT drawdown 















is attributed to the weakening of the buffer capacity of the carbonate system in the 
water column due to the penetration of anthropogenic CO2. 
Temperature also has significant effects on pH. The drawdown in pHin situ (total 
scale, in situ temperature) was well associated with temperature increases. However, 
such effects would be weakened under higher pCO2 levels. And, while the 
temperature increases, the maximal change of pHin situ (ΔpHin situ) induced by 
respiration will decrease. Indeed, if we considered the stimulation of elevated 
temperature on CR and assumed that DO would not in depletion due to limited water 
residence time; the aerobic respiration mediated pHT-drops would be 0.182 to 0.231 
and to 0.438 units for pre-industrial era, present day and year 2100, respectively. 
These suggested that in the future, more pHT-drops would be caused by elevated 
aerobic respiration activity. On the other hand, under the combined impact of the high 
atmospheric CO2 and respiration, the bottom water in Changjiang hypoxic zone would 
become undersaturated with respect to aragonite by the end of this century. The 
coastal water would thus be more vulnerable to hypoxia and ocean acidification. 
The observations over a seasonal time scale (at ca. 46 d intervals for 433 d) were 
also carried out at a coastal mesopelagic (twilight) site off Villefranche Bay in the 
NW Mediterranean Sea (Port-C station, 300 m depth). The CR rates at the site showed 




 in mesopelagic 
zone, supporting the emerging observation that the dark pelagic ocean is more 
dynamic than previously thought. These results also corroborated evidence that 
microorganisms in the mesopelagic zone at Port-C station were quite active and not 
much different from the epipelagic layer, and strongly affect the carbon cycle. 
Furthermore, the results of Spearman correlation and principal component analyses 
indicated that water stratification, prokaryotic abundance (PA), viral abundance (VA) 
and transparent exopolymeric particles had significant impacts on CR. 
To estimate the impact of OA on respiration, a series of microcosm experiments 
were carried out, which treated with mesopelagic communities (300 m water depth) 
from the Mediterranean Sea under different pCO2 levels and temperatures. BR 















incubation experiments (3 d, 13.0
o
C). Significant stimulation effect was only 
observed in short-term incubation experiments 5 (STI-5), while in the long-term 
incubation experiment (~60 d, LTI-2), elevated pCO2 levels had no effect on BR. If 
the pCO2 level continually increased to over 3750 ppm, significant inhibition impact 
on BR by elevated pCO2 levels was observed. Although the elevated pCO2 levels had 
no impact on PA and VA, the changes of viral subgroups (V1, V2) suggested that 
elevated pCO2 levels had significant effects on viral diversity. Since V1 and V2 are 
likely to infect prokaryotes than eukaryotes, our data suggested that such impact 
would further induce changes in planktonic community structure. In addition, the 
increase of temperature showed significant stimulation on BR both in short-term and 
long-term incubation experiments. In short-term incubation experiment, the BR rates 
averagely doubled at 3.0
o
C temperature increments. While in long-term incubation 
experiment, 3.0
o
C temperature increments could induce BR enhancements by 36 and 
17% in T31 (the 31
st
 day of the incubation), and by 34 and 24% in T61 under 400 and 
1000 ppm respectively. Our results supported that OA and global warming had 
significant impact on respiration. 
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